
I)evelopment<  Test j ng ( )f the Mars Pathfinder
Tnf lzita.1)1 e l., anding System

Ab:;t rac;~

The Mars Pat.hf i J-J:)(:u 1 ,JTl j(r U,SL’S a I-J OV(3 aj rbag impact
c2t.t enua~ion syst E!m t (.:1 I), J j (JI III ; t s l.ar~djl]q c)n Mars . Full
Sea] e testing U1-l(i (’1’ ]li; ) :: lik[ atrlmspher  j c’ pressure
c:oncli ti ons Was p6:Yfo J IIIf 1 t ) c)ht.ti injng ac:c:u rat-e Ioacling
condi ti ons on t.}](> <j: t hll$ du~’~ l)g i Inpa(’ t. s 011 a rc)cky
terrain. The obj ec t i v< ‘.~’<,::;  i c) II(”;  I] i mj ze t })(’ tc)t. a] mass of
the a j rbags whilr Ire;:>::!  I Ij 7 i I:] thci~ pe~ f c)rlmr~ce. This
paper wi 1.1 discuss t}]< c:~:>, ist; c)f 1 he airl)ags;, the testing
t.ec:hn; c~uc!s used a]l{f i ‘j]( I (: :S:ox):: I earned from the tests .

i]]c’orporates  a 5

In late 1993 tllc ,“1(:. }’I ,.)pu I ::j on IJabc)ra t.c)ry
on the Mars Path fi]ldc? I“I i:::: on tc) 1 a.nii a E; I[lEil  1

and rc)ver on t.hc: :1.1 I f <j( ~:’ t’ ‘ Mt~]-$, . ‘J’hc? ] ZlllC~<!C]
concept entai 1 s a t. ,:t. ~ ;.ll[<]  I ,-JI ) y s;haped 1 antler
int. ercc)nnected ‘alrl’)iic  j:; , (.)]” , per fac:c’ , t hat.
~,u~-rou~lc~ and pr. ot ccl. t }If.’ I a 1-] d e 1 u p o n i Ilqmct
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Figure 6. Exploded vicw~ (f)}, r (Z; \D fi l)i t c! c1 elll(nt mc)ciel . Mode 1
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bag however ruptur cc; uIlpY ~;’(.~j.( t abl y at pressures well below
it’s design level . :it w:~: , ,] t jmat el, y colic] ucled that the
high level of hancil (ir)q tiril ‘ c)] clj nq of t he aj rbag damaged
the Kevlar fibers ti~jd I ( :1. :ed the fahlir strength to
unaccept able level s , JJ t
from Kevlar f“iber t. o

1. kJ.1 j ])C)iTlt t.hC? swi tch was made
\J’c “. r~j’l HS fiber f 07 the fabric .

Vectran was chosen f c)3- it :; ~l:(~h st~engtll to weight ratio,
its high modulus, Zllld it:: i: :;ensjtivity tc) f 1 ex cracking
of the fiber:; . V(’Ctl <11( t~) $:<) })~s, ~)ic~h fl~!xi]jility  at
extremely low tempe~-dt III c: [1.11 i vcr y hi g~l cmt t ing and tear
resistance. Vectra~l cic)(s; IIC)t howc?~~cr r~;taj YI i t s strength
at. c!l evated tempera tt.lr (:; . }’CV tliis reason KVVI al- is used
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Figure 2. Single airbi].q
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coverecl. The mass c)j I 1 ( , i rb:~g syst cm wtIs 54kg . Table

-,

1 gives the summa~”y oj t

~m/s) I Siic (1(, )., . . . . . . . . . . (:)::iq)

-1--

. . . . ._- . . ..___ -_.. ._-. _____
1.5 hor”iz)OIltal-.
.1.5 - :l~or -i ic)I1’t al”’
1.5 -

hor”i ZOIlt ;11
.1.5 60 degY”;+E;-
:. 5 60- (3(;; ]1 “;’;’s. . . . . .—— — ___ ._— .._

Ori entati on Iabase bag first— .— ——
si de bag-—
side bag-- —.
s i de bag
side bag
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‘1’ab] e 2. Pro Lot ..)( 2 (;] (
F

—. ..- ,.. . ..-
Ijrop I Vol oci ty Roe}; 1

E E:
# (m/s) Siz. c (1~1)—-----  . . . . . . .
6 16 c>

‘) “‘- ’16 . 5—. . ..-—. —-
8 22.85 . .+
9

. . . . . . . . . .
22.85 . :>)

~ ()”--- “–-2iT” ‘“” :3-—. ..— —. —- . . .
11-- 26.64 :)— —. .__. __ —.
12 2’1 .81 ‘). . . . . . . .

Note: the orient at. ic)ll I ( i c
direction of motion, it
essentially trailing (t) I ,
grazing but hard cc)~lttl{:t. .,, i

p t ~ :;t wl[lma]~.. . - ... —.—. -. —.-, ------- ,..—— -
:’.f”(  :;sur”(~ -/ P:l at. fc),-1,, I Ori entation I

t: ‘( w}Ii c }1 haq VJZIS facing in the
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generators . The ai I l)<~o~; f\Jl .: y in flat cd alicl pressurized in
under . 75 seconds . 7’11( ! (,11)” II gas ge]lera. tc]r was fired 20
seconds
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Figure 3. Samp 1 e SC?JI II :1 ci’,/ out .
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The results of the FSI) d! cp t ests i.dent if i c’d a number of
areas requiring Sol[lc ulj [luz reillf Orcement , but overal 1
proved extremely SU(;C(~:;s:- G ~ . Ta~)],~ ~ :;umma~:j ~e~ th~! FSD
drop t est. s .

.RO~K_ _D?_S 2’BJ.BuT1_O_N

~’he rock distribut. i(]n c); f IJ( t (7 s t plat f C)]-It] w~i~ recorded
and cor[lpared to t }1[’ Yjl:j)[) ] arid 1.:1 1 a.ndi ng site
di. stributi.ons. JPL’E; M~JL ~ ;( 1(: 1:-)ek states Llle fc)l lowing:

“ III a l l cases, t }1<’ ] :)( k (i I ,styj. k)utic)ns for which the
ai rbags have been t E :.i. (’ i : (: rescllt ext. remc! conditions .
q“]-, ~> tc)t al area CCJVCI ((:3 ; ,!)~ rock: irl the’ a i ~-bag test
sur- faces, when e>. t.l; i]lc) (’ ( ! ~)a:t”{i 11 [’1 t c) Viking rock
distributions are ~, i,w o> : f 2 or 3 gr<(iter than any
surfaces on Mars i:; .i, i t! c I
(orbital ) data.

by t_hc’ t-l”lerlllal inertia
l~Jj It, I I c][) d t c larcle T c)cks greater

{ Riven ini



Lh;m ) m diamet ET ijw:”ij (II ~) ]Ii(’t rrs h~glI ])c)tent ially
hazardous to l.ancli~lq  , t IJ[ I (st si t es l]~;d c)ver 10% of
thei r ~,urfa~es cc)\ ’(:1’( l:j c olll~)i~r(d wj t.11 1 <ss than ~.% of
t.hc surface at VI ,2. ‘I}; ( ~c)ck distrjbutjc)ns against
which the airbags hz]v :){(]. test ccl represe~)t the worst
pc)ssible condjtic)m; I)(IL ~JIt :1 J 1 ly pc)ssil.)le ()]] Mars. . . “

Hy way o f jl.1 I I f ‘;1.1(’ dro].) t. est i ng under
representative pressu~( ii”l(’ i l[l~-)a(t c,c)rlcli t.i C)li S ,
data,

a wealth of
both qualit. al ivc <~.$ Ici qut]lltitatjve, Was gathered

about_ p] anetary inf 11 c;t ,-;1 )1 ,. I ;1[ )ii.c~ at t c:l~uat i (:)]1 clesign. The
test program cente~- ((l ():J t g Y adua:l atlc-i opt i ma 1 evolution
of the abrasj on :1 aye r :; ,7: ((: 1,,. of tile nunlcrc) u:; abrasion
1 ayer concepts f ab~-i cti: ( ; al :: t (ISL ed t.hc’ cc)mbi nati c)n of
mu] tiple, thin ]aycrs c) ( )) qh st rellgth Vect ran fabric:
prc)vecl super ic)r. 9’}1[ 1’:1) If s :: z]] so dC’IllC)IIS( ~:ited that the
a i rbag system coul d V!itll: Ltill{i  <1 CO ICI tc][ll)erature rapid
~nflatic)n i n uncle] . ‘f !) ,( : ~- ‘Onc”is w~ tlic)u t <iamaging the
ai rbags Canal then st j 1 II :: II v i ~c: 111111 t. ipl e i l[~I)ac:t.  s on rocks
with margin . The fi]l<~.1 CIC: if II c)f i he airl:)tig system has a
total fabric mass c)f t’f K:? ,~]cl ga:; gellel-/Jt.ol”  mass of 12
kg, t,he t c)tal 1 anclcd IILI:::: : :; ~ (10 K.<! . ‘YIIC a:i rl-)ag drop test.
surface conditi ons ,V,IC] (. ;) t : 3 t in~es Inc)rc’ severe than
anythi ng i ndicat(!tii t 1’)’ $ il:r : :ICC’ or C)r’k)i t a:] data ancl
“represcrlt_ the WC)] :; “. ]1,.,,,’t)l[ conc”ii t i c)]]s pc)tentially
possi b] c c)n Mars . “

.A G k.n c).w] C’dgme.n.ts

The’ research desc!rihec~  .i II t ! Li : Lpe> u:,;s carri cd c)ut. by the Jet
I’ropul s i c)n L,aborat or>’, (’<i ilcllllia ]rlst itut< 0 f ~’echnc)logy,
undr~- a c o n t r a c tWI t }1 1 11( T! , t i.(.) lia.l Ae~-c,n,~ut  i CS and Space
Admillist. rati. on. The ~,ut 11()> ,;() 1 IcI alf:o like to thank all the
peopl e a t ILC ~OVel- , ‘I II); ( k 1 1:’c)l”~)  . , NA::A I ,(wi S, Plum Brook
Stat i on and Sandia Nat ic)ri;ll .,~il:, rat c)ry foz their ext raordinary
dedication and ski 11 i:t ;lli Lk.; : {:1 t h i :.; unique clevel opment so
Suc!c!c?ssful .
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